Reward is thought to enhance cognitive control processes in various ways, but the impact of reward on the context-sensitivity of cognitive control remains unclear. Evidence from perception and attention studies suggests that a good outcome, in contrast to a suboptimal outcome, acts to increase saliency and attentional capture for attended visual features that led to this outcome. As a consequence, such features gain a competitive advantage in future perception. In the present article, we investigate the possibility that this interplay between reward and contextual visual features can impact the scope of higher cognitive control processes, specifically conflict monitoring. To this end, we ran 2 experiments. First, by combining a visual search paradigm with a letter flanker task, we demonstrate how the congruency sequence effect can be observed when salient task irrelevant features repeat, but disappears when those features alternate. These findings are in line with earlier observations on the context-sensitivity of cognitive control. In a second experiment, we added a reward manipulation, demonstrating that this context-sensitivity is promoted following high reward but disappears following low reward. The results suggest a role for reward in modulating the context-sensitivity and scope of cognitive control.
To achieve our goals, we must monitor our environment and adapt to ever-changing contexts. Feedback regarding action outcomes is well known to play a role in guiding this type of cognitive control. In spite of this, cognitive control researchers have only recently started to investigate the manner in which explicit feedback impacts cognitive control processes (e.g., Braem, Duthoo, & Notebaert, 2013a; Braem, Verguts, Roggeman, & Notebaert, 2012; Jiang & Xu, in press; Stürmer, Nigbur, Schacht, & Sommer, 2011) . Recent empirical evidence has demonstrated how trial-to-trial cognitive adaptations processes can be tied to specific stimulus (Spapé & Hommel, 2008) or response features (Braem, Verguts, & Notebaert, 2011) , arguing for the context-sensitivity of cognitive control (Blais, Robidoux, Risko, & Besner, 2007; Davelaar & Stevens, 2009; Verguts & Notebaert, 2008 ). In the present study, we investigated how reward feedback can play a role in determining the impact of contextual task features on cognitive control.
Generally, cognitive control is investigated through the use of conflicts tasks like the Eriksen flanker task (Eriksen & Eriksen, 1974) , Stroop task (Stroop, 1935) , or Simon task (Simon, 1969) . In all these paradigms, irrelevant, conflicting stimulus information impedes the processing of relevant stimulus information. For example, in a standard flanker task, participants are required to respond as fast as possible to a centrally presented target (e.g., press left when 'S,' right when 'H'). Irrelevant flankers presented next to the central target impede task performance when they are incongruent, as when these letters are associated with an alternative response (e.g., 'HHSHH'), but facilitate task performance when congruent, as when they are the same letters as the central target (e.g., 'SSSSS'). Resulting differences in reaction time (RT) and accuracy are referred to as the congruency effect.
The congruency effect observed in the flanker task is typically found to be smaller after incongruent trials than after congruent trials (as first observed by Gratton, Coles, & Donchin, 1992) . This congruency sequence effect has been replicated in different congruency tasks (Kerns et al., 2004; Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002) and offers an index of how people increase task focus in reaction to cognitive conflict. Furthermore, the congruency sequence effect appears to be context-specific, restricted to circumstances where perceptual context repeats between experimental trials. Spapé and Hommel (2008) , for example, demonstrated how the congruency sequence effect could only be observed when the voice in which the stimulus was presented repeated between trials. In a similar vein, Braem, Verguts, and Notebaert (2011) found that the congruency sequence effect only occurs within response effectors (feet or hand), but not across. This is in line with recent associative models of cognitive control (Blais, Robidoux, Risko, & Besner, 2007; Davelaar & Stevens, 2009; Verguts & Notebaert, 2008 ) that stress the importance of modulating task associations after conflict. For example, Notebaert (2008, 2009) , in their adaptation-by-binding account, proposed that cognitive conflict triggers an arousal signal that is sent throughout the brain, strengthening all active representations. Task-relevant associations will be more strongly modified, resulting in a smaller congruency effect on the next trial. By explaining the congruency sequence effect in terms of strengthening specific stimulus-response associations (in contrast to, e.g., enhancing overall task focus; Botvinick, Braver, Barch, Carter, & Cohen, 2001) , this model provides a context-sensitive implementation of cognitive control. Specifically, because the model postulates that conflict adaptation occurs by strengthening all active features and representations, the adaptation process will naturally be sensitive to what is active or salient at the time. Given that reward is known to modulate the saliency or relative activation of stimuli (see next paragraph), we expect reward signals to play a major role in determining the context-specificity of cognitive control. First, we will give a brief introduction into the reward literature, after which we will focus on a particular reward paradigm of interest that will allow us to investigate the influence of reward on contextual modulations of cognitive control.
For over a century, psychologists have been discussing and investigating the effects of reward on behavior (Schultz, 2002; Skinner, 1953; Thorndike, 1911) . Reward signals are widely thought to reinforce stimulus-response associations (i.e., the law of effect; Thorndike, 1911) . Neurophysiological data suggest that this effect relies on dopaminergic signaling in the midbrain (Kelley, 2004; Robbins & Everitt, 1996; Schultz, 2002 Schultz, , 2004 . For example, reward has been found to stimulate the potentiation of connections between striatum and cortex in rats, with the strength of this physiological effect predicting the animal's subsequent ability to learn a new task (Reynolds, Hyland, & Wickens, 2001 ). Similar behavioral effects have been observed in humans, with reward-in the form of positive valence inducing pictures-increasing both short- (Colzato, van Wouwe, & Hommel, 2007) and long-term (Waszak & Pholulamdeth, 2009 ) stimulus-response associations.
In recent years, reward has also become a focus for researchers investigating selective attention (Anderson, Laurent, & Yantis, 2011a , 2011b , 2012 Anderson & Yantis, 2013; Della Libera & Chelazzi, 2006 Hickey, Chelazzi, & Theeuwes, 2010a , 2010b Hickey & van Zoest, 2012 , 2013 Raymond & O'Brien, 2009; Rutherford, O'Brien, & Raymond, 2010) . For example, Hickey, Chelazzi, and Theeuwes (2010a) demonstrated that selective attention is automatically biased toward stimuli with reward-associated visual features. These authors asked human participants to search for a uniquely shaped target presented among a number of homogenous distractors. Response was based on the orientation of a small line presented within the target shape. In some trials, all the shapes were of the same color, but more often one of the distractor shapes had a different color, rendering it a type of distractor known to draw attention during search (from here on referred to as the visual search distractor; e.g., Hickey, McDonald, & Theeuwes, 2006; Theeuwes, 1991) . The stimuli colors varied from trial to trial and the colors could either swap, with the color of the target shape becoming that of the visual search distractor and the color of the distractor that of the target, or they could remain the same. Participants randomly received either high-or low-magnitude monetary reward after each correct trial. Results showed that when high reward was received, attention was biased toward stimuli with the same color in the next trial. Even though color was task irrelevant, task performance thus improved when target color repeated, but suffered when target color alternated and the salient visual search distractor acquired the reinforced color. This is consistent with the notion that target features are prioritized in future perception because target features, and not distractor features, led to the correct response, and hence high reward (for a review, see Anderson, 2013) . Indeed, in a follow-up study, Hickey, Chelazzi, and Theeuwes (2011) further demonstrated how this modulation by reward is specific to the enhancement of visual target features, rather than the suppression of distractor features. It is interesting that this pattern is diminished, or sometimes even reversed, following low reward (Hickey et al., 2010a (Hickey et al., , 2010b (Hickey et al., , 2011 . It thus seems that reward can modulate the relative saliency of task-irrelevant contextual stimulus features (i.e., color).
The idea that reward can determine the saliency of taskirrelevant features is particularly interesting in the light of the results from Spapé and Hommel (2008) suggesting that irrelevant features can determine the scope of cognitive control: this study demonstrated that adaptations to conflict can be determined by task-irrelevant contextual features, opening the possibility that reward modulations of the saliency of such features could determine the impact of these features on cognitive control. To investigate this effect of reward on a contextsensitive conflict task, we designed an experimental paradigm that integrated the visual search task employed by Hickey, Chelazzi, & Theeuwes (2010a) with a flanker task. In each trial, participants looked for an object with a unique shape and responded based on the identity of the central letter in a letter sequence contained within that target shape.
This design allowed us to detect the influence of reward signals and contextual features on the congruency sequence effect. Experiment 1 was designed to determine whether context-sensitive conflict adaptation could be replicated in a visual search paradigm in the absence of a reward manipulation. We predict that color (context) repetitions, but not color (context) alternations, would set the stage for a congruency sequence effect. In Experiment 2, we included reward feedback at the end of each trial. We approached this second experiment with the notion that this context-sensitivity of the congruency sequence effect (i.e., adaptation by binding, Verguts & Notebaert, 2008 ) and reward modulation of contextual features (Hickey et al., 2010a (Hickey et al., , 2010b (Hickey et al., , 2011 would combine to produce an increased congruency sequence effect when target and visual search distractor colors repeated after high reward, but a decreased effect when these contextual features alternated after high reward (i.e., similar to our observation in Experiment 1). After low reward, on the other hand, we expected that this context-sensitive pattern would disappear, or even reverse (i.e., the congruency sequence effect would not be susceptible to context repetitions/alternations). In addition to this, we expected that individual variability in the effect of reward might be predicted by measures of personality, and specifically the behavioral inhibition system (BIS) and behavioral activation system (BAS) This document is copyrighted by the American Psychological Association or one of its allied publishers.
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scale of Carver and White (1994) . Subscales of this measure have been found to predict the impact of reward in other visual search (Beaver et al., 2006; Hickey, Chelazzi, & Theeuwes, 2010b) and cognitive control tasks (Braem et al., 2012; van Steenbergen, Band, & Hommel, 2009 ).
Experiment 1 Method
Participants. Fifteen students (range ϭ 18 -23 years, 10 women, all right-handed) took part in return for course credits.
Stimuli. Stimuli were presented on a cathode ray tube monitor located 60 cm away from the eyes using Tscope software (Steven, Lammertyn, Verbruggen, & Vandierendonk, 2006) . The visual search arrays contained six object outlines (line thickness of 0.3°v isual angle), each presented equidistant (9.1°) from a central fixation point and from each other. Objects could be diamonds (4.2°ϫ 4.2°) or circles (3.4°diameter), with each display containing only one uniquely shaped item. This search target (i.e., shape singleton) could be a diamond with all other stimuli circles or vice versa. In 80% of trials, one of the homogenously shaped nontarget items was of unique color (i.e., color singleton), either red with all other objects green or vice versa. Both the search target and each of the nontargets contained a sequence of five horizontally aligned characters (SSSSS, HHHHH, HHSHH, or SSHSS).
Procedure. The trial procedure is visualized in Figure 1 . Participants responded based on the central character in the search target: half of the participants pressed the left response button when this letter was an 'S' and the right button when it was an 'H.' This response mapping was reversed for the other half of the participants. Nontarget characters could have the same identity, rendering the flanker target congruent (e.g., SSSSS), or could have the alternative identity, rendering the flanker target incongruent (e.g., HHSHH). Per block, search target shape (circle or diamond), search target color (green or red), flanker target congruency (congruent or incongruent), and search distractor presence (80% present and 20% absent), were randomized in a balanced manner. Figure 1 . General paradigm and trial procedure for Experiment 1 and 2. The target shape and uniquely colored visual search distractor are denoted (dark and light grey in the print version denotes red and green, respectively). Participants had to identify the unique (target) shape, while ignoring the visual search distractor, and respond to the central letter in the target shape (Flanker task). In Experiment 2, correct performance was rewarded with either 1 or 10 points. There was no reward schedule in Experiment 1. The color version of this figure appears in the online article only. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The onset of the visual search array was preceded by a fixation cross for a random duration of 400 -1,400 ms. Responses were registered with a standard response box. Errors were indicated with the Dutch word fout (mistake) in black text for 500 ms. No feedback was provided for correct responses, but the fixation cross remained on the screen for an additional 500 ms in these trials. Participants completed 14 blocks of 40 trials for a total of 560 trials, which took approximately 40 min. A self-paced break was provided between blocks. All participants were given detailed instructions regarding the experimental task.
Note that, unlike most visual search experiments, we did not instruct participants to keep their eyes fixated on the fixation point. The fixation cross only served as a reference point for participants to return their eyes to during intertrial intervals (without explicit instruction to do so). During stimulus presentation, participants were free to fixate on target or distractor shapes. We did not restrict participants to keep their eyes fixated, because we assumed participants would not be able to detect the central target in our flanker task stimuli without moving their eyes to the target shape. Still, given that this represents an important procedural difference between our experiment and previous visual search experiments, we discuss the implications of this design feature in the general discussion.
Results
Mean accuracy was high (M ϭ 96%, SD ϭ 0.04). Sequential analyses are based on trials containing a visual search distractor that were preceded by a trial containing a visual search distractor in the same block. RT analyses reflect only correct trials. Of these, 4.6% were RT outliers (Ϯ 2 SD) and were discarded from further analysis. RT and accuracy results were statistically assessed in repeated-measures analyses of variance (rANOVA) with withinsubject factors for flanker congruency (congruent vs. incongruent), previous flanker congruency (previous congruent vs. previous incongruent), color sequence (color repetition vs. color alternation), and shape sequence (shape repetition vs. shape alternation).
Reaction times. Overall, there was a significant flanker congruency effect, F(1, 14) ϭ 27.114, p Ͻ .001, which did not interact with previous flanker congruency, F(1, 14) ϭ 1, p Ͼ .1. Analysis further revealed a significant effect of shape sequence, F(1, 14) ϭ 17.141, p Ͻ .01, driven by faster RTs on shape repetitions relative to shape alternations. The three-way interaction between color sequence, flanker congruency and previous flanker congruency was significant, F(1, 14) ϭ 5.433, p Ͻ .05. As is depicted in Figure 2a , this indicates that the congruency sequence effect was only observed for color repetitions, F(1, 14) ϭ 5.915, p Ͻ .05, with no congruency sequence effect observed for color alternations, F(1, 14) Ͻ 1, ns. In addition, we observed a significant interaction between congruency and shape sequence, F(1, 14) ϭ 5.906, p Ͻ .05, indicating a reduced congruency effect (60 ms) after shape alternations relative to shape repetitions (108 ms). No other interactions reached significance (all p Ͼ .1).
Error rates. The error rates analysis only showed a marginally significant main effect of congruency, F(1, 15) ϭ 3.182, p ϭ This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
.096, and an interaction between congruency and shape sequence, F(1, 15) ϭ 4.591, p ϭ .05, indicating a congruency effect on shape repetitions (2.8%), but not on shape alternations (Ϫ0.4%). No other interactions reached significance (all p Ͼ .1). Manipulation check. The analyses described previously are based on trials where the visual search distractor was present, and previous research showed that this color singleton will draw attention during search (e.g., Hickey, McDonald, & Theeuwes, 2006; Theeuwes, 1991) . To verify this effect in the current dataset, we conducted an additional analysis contrasting distractor present and distractor absent conditions. A paired-samples t test revealed a significant difference in RT between distractor present and distractor absent trials, t(14) ϭ 8.823, p Ͻ .001. Participants were 130 ms slower to respond in distractor present trials as opposed to distractor absent trials. Error rates indicated a similar trend but did not reach significance, t(14) ϭ 1.620, p Ͼ .1.
Discussion
This first experiment is in line with earlier observations suggesting that the congruency sequence effect is sensitive to changes in irrelevant stimulus characteristics or response modality (Braem et al., 2011; Fischer, Plessow, Kunde, & Kiesel, 2010; Spapé & Hommel, 2008) . Here, we demonstrate that this effect can also be bound to contextual task-irrelevant features (surrounding color) in which task stimuli are presented, and suggest that context repetitions in visual search facilitate not only target detection and localization, but also the operation of subsequent mechanisms involved in conflict adaptation. We conducted a second experiment to determine if reward would modulate this effect of visual context on the congruency sequence effect. We employed much the same paradigm as in Experiment 1, but now added feedback at the end of each correct trial randomly signaling either a high or low reward.
In Experiment 1 flanker stimuli were randomly presented in nontarget shapes. If participants were to respond to the flanker target in the visual search distractor, and the flanker target happened to be the same as in the target shape, the response would have been erroneously coded as correct. As such, false positives might have contributed to the pattern of observed results. In order to control for this confound, the flanker task in Experiment 2 had four response options. This allowed us to ensure that neither flankers nor targets were the same in the visual search distractor shape and target shape, precluding false positive responses.
The four-choice task had additional benefits. In particular, it allowed us to investigate the impact of feature integration effects (Hommel, Proctor, & Vu, 2004) . As noted by Hommel and colleagues (2004) , the congruency sequence effect in two-choice conflict tasks can often be reinterpreted in terms of feature integration. Thus, whenever congruency conditions repeated in Experiment 1 (i.e., congruent trial following congruent trial, or incongruent trial following incongruent trial), the flanker and target identities always made complete repetitions or alternations (i.e., both alternated or both repeated). In contrast, congruency alternations (i.e., congruent trial following incongruent trial or vice versa) are characterized by either a flanker repetition or a target repetition, but never both. Given that complete repetitions/alternations are known to be processed faster than this sort of partial repetition, feature integration rather than conflict adaptation might be the driving force behind the congruency sequence effect. The use of a response mapping with four options in Experiment 2 controlled for this confound and allowed us to investigate the relative contribution of feature integration to our results.
Experiment 1 had an additional limitation: after excluding errors and trials without distractors there were on average only 19 trials per cell of the experimental design. Given that the color singleton was found to robustly disrupt target search in Experiment 1, we increased this number by only including visual search distractorpresent trials in Experiment 2. We also increased the length of the experiment, with participants completing 640 trials in total (80 more than in Experiment 1). The design of Experiment 2 thus garnered 39 potential trials per condition, reflecting an increase of roughly 90%.
Experiment 2 Method
Participants. Eighteen students took part for credit (range ϭ 18 -21 years, 15 women, 1 left-handed).
Stimuli and procedure. The trial procedure was similar to Experiment 1 with the following modifications (Figure 1 ): the shape singleton was always a circle and distractor-shapes were always diamonds, and correct responses to the search target were immediately followed by the replacement of the central fixation cross with reward feedback in black text, either 'ϩ10', denoting the receipt of 10 points, or 'ϩ1', denoting the receipt of 1 point. Per block, reward feedback (low or high reward), target color (green or red), and flanker task congruency (congruent or incongruent), were randomized in a balanced manner. The search array and flanker stimuli remained onscreen during the 1,000 ms presentation of feedback. Incorrect responses resulted in the removal of 10 points, denoted by 'Ϫ10', and for every 10 participants that completed the experiment the top-scorer received a 25€ store coupon.
As noted previously, all trials had a uniquely colored distractor. As in Experiment 1, each of the six object outlines contained a sequence of five characters aligned horizontally and participants responded based on the central character. However, we employed a number, instead of letter, flanker task. All participants were required to press the 'D' key on the keyboard when the central target was number 1, the 'F' key when number 2, the 'J' key when number 3, and the 'K' key when number 4. This stimulus to response assignment (left to right, 1 to 4) was not counterbalanced across participants, because the order of this response mapping ensured the most efficient task performance (reducing the additional RT cost). Nontarget characters could have the same identity, rendering the target flanker congruent (e.g., 11111), or could have an alternative identity, rendering the target incongruent (e.g., 44144). To guarantee a balanced number of target-flanker combinations per congruency condition (see Mordkoff, 2012) , we used a fixed selection of four incongruent trial types. Specifically, on incongruent trials target 1 was always flanked by 4 (i.e., 44144), 2 by 3, 3 by 1, and 4 by 2. The randomization and trial procedure was the same as in Experiment 1, except that participants completed 16 blocks (instead of 14). Each block consisted of 40 trials, and it took 45 min to complete the experiment. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Questionnaires. Participants in Experiment 2 completed a Dutch version (Franken, Muris, & Rassin, 2005) of the BIS/BAS scale (Carver & White, 1994) immediately after the experiment. In the BIS/BAS scale, participants rate their agreement with a series of 20 statements on a 4-point scale (e.g., "I go out of my way to get things I want.").
Results
Again, mean accuracy was high (M ϭ 98%, SD ϭ 0.01). Mean RT was 204 ms faster than in Experiment 1. This could reflect a broad motivational impact of the reward feedback, but could also reflect the fact that the target shape in Experiment 2 was always a circle, and did not vary as it had in Experiment 1. This may have introduced a constant uncertainty about the exact target identity in Experiment 1 and such a reduction in top-down information is known to slow down visual search (e.g., Wolfe, Butcher, Lee, & Hyle, 2003) .
Trials resulting in an error or preceded by an error were removed from analysis, as were the first trials of each block and trials resulting in outlier RT values (Ϯ 2 SD; 3.9% of trials). RT and accuracy results were statistically assessed in a rANOVA with within-subject factors for flanker congruency (congruent vs. incongruent), previous flanker congruency (previous congruent vs. previous incongruent), color sequence (repetition or alternation), and previous reward (high vs. low magnitude). Analysis of RT revealed a significant congruency effect, F(1, 17) ϭ 207.624, p Ͻ .001, which interacted with previous congruency, F(1, 17) ϭ 11.844, p Ͻ .01, indicating an overall congruency sequence effect. Also, there was a significant effect of color sequence, F(1, 17) ϭ 16.938, p Ͻ .01, indicating shorter RTs on color repetitions relative to color alternations. Critically, the interaction between congruency, previous congruency, previous feedback and color sequence was significant, F(1, 17) ϭ 9.746, p Ͻ .01, demonstrating an impact of reward on the context-sensitivity of the congruency sequence effect. No other interactions reached significance (all p Ͼ .1).
To disentangle this four-way interaction, we investigated the impact of color sequence on the congruency sequence effect following high and low reward separately. As depicted in Figure 2b , the congruency sequence effect interacted with color sequence following high reward, F(1, 17) ϭ 6.188, p Ͻ .05, demonstrating a significant congruency sequence effect when context repeated (65 ms), t(17) ϭ 3.035, p Ͻ .01), but not when the context alternated (Ϫ32 ms), t(17) ϭ Ϫ1.232, p Ͼ .1. We thus replicate the context-sensitive congruency sequence effect observed in Experiment 1 after high reward, but not after low reward, F(1, 17) ϭ 0.003, p Ͼ .1. After low reward only a general congruency sequence effect could be detected (35 ms), F(1, 17) ϭ 8.895, p Ͻ .01. The analysis of error rates garnered no significant results (all ps Ͼ 0.1).
The design of Experiment 2 allowed us to test for any possible influence of feature repetition and/or integration effects in the results (e.g., Hommel, Proctor, & Vu, 2004) . To do so we further analyzed the data using multiple regression (Braem et al., 2012; Notebaert & Verguts, 2007) . To account for between-subjects variance this regression was performed for each participant, with the cross-participant average of each coefficient subsequently tested against zero (Lorch & Myers, 1990) . In addition to the variables of interest identified in description of the rANOVA above this multiple regression analysis included an a further five binary factors: repetition of the target within the flanker sequence, repetition of the flankers within the flanker sequence, feature integration (coding for complete repetitions and alternations of target and flankers vs. partial repetitions, where either the flanker or target changed, but not both), negative priming (coding for whether the flanker became the target within the flanker sequence), and reverse negative priming (coding for whether the target became the flanker within the flanker sequence; see Notebaert & Verguts, 2007) . The critical 4-way interaction reported above remained significant in this analysis, t(17) ϭ 2.330, p Ͻ .05. Main effects of feature integration, target repetition, and flanker repetition were additionally detected (all p Ͻ .01), with negative priming showing a trend to significance, t(17) ϭ 2.006, p ϭ .061.
Correlation Analyses
Analysis of questionnaire results identified no reliable correlations.
General Discussion
In this study we have demonstrated an impact of visual context on the congruency sequence effect (Experiment 1), and how the effect of context can be further modulated by reward (Experiment 2). In Experiment 1, we had participants complete a hybrid conflict/visual search task in which a response-relevant flanker stimulus was contained within the uniquely shaped visual search target. This target was often joined by a uniquely colored, task-irrelevant visual search distractor. Results showed a large and reliable congruency sequence effect when visual context (colors characterizing the target shape and visual search distractor) was the same as in the previous trial, but not when context alternated. In a second experiment, we provided reward feedback at the end of each trial and found that high reward modulated the impact of context on the congruency sequence effect. Specifically, in Experiment 2 we observed that the results observed in Experiment 1-a congruency sequence effect following context repetitions-appeared only when participants received high-reward in the preceding trial.
These findings demonstrate that reward can have a direct impact on the scope of cognitive control by enhancing contextual features that led to its receipt such as target color (relative to distractor color). This type of direct influence is consistent with theoretical models of conflict monitoring such as the adaptation-by-binding account of Notebaert (2008, 2009) . According to this model, adaptations to conflict occur after response execution (but can initiate earlier, see, e.g., Scherbaum, Dshemuchadse, Ruge, & Goschke, 2012) , making them sensitive to feedback presentation and the environmental context present at that time. After high reward, the saliency of target contextual features is increased (or decreased after low reward). This sort of Hebbian learning can account for contextand reward-sensitive adaptations to conflict because it is thought to potentiate all active associations, including those that are activated by raw visual salience rather than task relevance. The impact of reward on conflict adaptation identified in our results confirms previous results of Braem et al. (2012) and This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Sturmer et al. (2011) . This general pattern has been interpreted as evidence that high reward may enhance the learning value of the conflict signal, creating a larger conflict adaptation effect. Low reward, in contrast, appears to devalue this learning signal and ultimately counteracts conflict adaptation. The current results further corroborate studies demonstrating the general contextual selectivity of conflict adaptation (Braem et al., 2011; Fischer, Plessow, Kunde, & Kiesel, 2010; Spapé & Hommel, 2008; Verguts & Notebaert, 2008 ). The adaptation-by-binding model proposes that conflict adaptation depends on levels of activation, and therefore explains the specific effect of rewarded/unrewarded contexts without additional assumptions. Note, that in this regard, the model bears some similarities to the feature integration account (Hommel, Proctor, & Vu, 2004) . Both accounts assume that active features are bound, but adaptation-by-binding suggests that this binding is sensitive to conflict, in the sense that stronger binding occurs when conflict is detected. The feature-integration account, on the other hand, argues that the congruency sequence effect emerges from the mere repetition or alternations of stimulus features. The current results seem inconsistent with this account, in that our multiple regression analysis demonstrates that mere repetition effects are not sufficient to account for the influence of reward on context-sensitive congruency sequence effects.
Although we believe that the results are most parsimoniously explained by the adaptation-by-binding model (Verguts & Notebaert, 2008 , the experiment was not designed to differentiate between cognitive control models. The model of Botvinick et al. (2001) proposes that task focus is enhanced upon the detection of conflict. This model cannot explain the context-sensitivity of adaptations to conflict (our Experiment 1, see also Braem et al., 2011; Fischer, Plessow, Kunde, & Kiesel, 2010; Spapé & Hommel, 2008; Verguts & Notebaert, 2008 ). However, a relatively simple adjustment to the model can incorporate context or stimulus sensitivity (e.g., Blais et al., 2007) . With such an addition, conflict monitoring theory would suggest that increases in conflict adaptation could result from the impact of reward on attention to context.
It is interesting that our Experiment 2 seems to demonstrate both a reduced (i.e., absent) contextual modulation of the congruency sequence effect following low reward and an enhanced modulation following high reward. This observation is concordant with earlier studies that investigated the effects of learning signals on behavior and observed an absence of their behavioral effect of interest following low or no learning signals (Braem et al., 2013a (Braem et al., , 2012 Hickey et al., 2010a Hickey et al., , 2010b Hickey et al., , 2011 Jiang & Xu, in press; Muhle-Karbe & Krebs, 2012) . Similarly, these studies demonstrated that the introduction of a motivationally significant learning signal creates a context where both the salient learning signal (i.e., high reward) and its counterpart (i.e., low reward or no reward) receive an informative value. The act of increasing motivation in high reward trials seems to have a corollary in low reward trials, decreasing motivation by a similar amount. This observation further relates to the more general idea that intrinsic motivation could play an underestimated role in cognitive tasks without performance feedback (Satterthwaite et al., 2012; Silvetti, Alexander, Verguts, & Brown, in press ).
It is important to point out that the current results, like those reported by Braem et al. (2012) and Stürmer et al. (2011) , are strikingly at odds with those observed by van Steenbergen et al. (2009 van Steenbergen et al. ( , 2012 and Braem et al. (2013b) . In those studies, congruency sequence effects were absent after reward, whereas here we see it increase. This marked difference likely stems from some important differences in experimental design. In van Steenbergen et al. (2009 Steenbergen et al. ( , 2012 or Braem et al. (2013b) , feedback took the form of smiling or frowning schematic faces or positive or negative valence pictures that also indicated the receipt or loss of monetary value. Reward feedback thus had an affective and social importance that is absent in our design. Stimuli that induce positive affect have been found to increase task distractibility (Dreisbach & Goschke, 2004) , and theoretical work on the motivation of adaptive behavior has suggested fundamental differences in the impact of affective versus reward feedback (Berridge & Robinson, 2003; Chiew & Braver, 2011) . This raises the possibility that results from van Steenbergen et al. (2009 Steenbergen et al. ( , 2012 and Braem et al. (2013b) index the effect of emotional content rather than the motivational effect of reward, or, importantly, the emotional content of the negative stimuli. This observation is post hoc, but it highlights the need for systematic comparisons of the precise influence of affective versus reward feedback in conflict tasks (for a review, see Dreisbach & Fischer, 2012) . Consistent with this proposal, an initial attempt at such a systematic comparison has recently shown decreased control following a positive mood induction, but increased control during a reward procedure (Fröber & Dreisbach, in press ). However, other recent comparisons have demonstrated how noncontingent transient positive stimuli presentation can also promote control strategies (Braem et al., 2013b; Chiew & Braver, in press ). There is a clear opportunity for further work designed to investigate the role of saliency, affectivity, baseline stimuli, performance-contingency, and transient versus sustained affective or motivational manipulations on cognitive control.
Cognitive adaptations to conflict like those detailed here seem likely to reflect the action of neuromodulatory mechanisms in the brain. In the adaptation-by-binding account, Verguts and Notebaert (2008 suggested that a nonselective Hebbian learning signal is sent throughout the brain. Verguts and Notebaert provisionally assign this role to the neurotransmitter norepinephrine. In contrast to this hypothesis, van Bochove, Van der Haegen, Notebaert, and Verguts (2013) demonstrated how adaptations to conflict varied as a function of eyeblink behavior, as a measure of dopaminergic activity, but not pupil dilation, as a measure of norepinephrine activity. Moreover, in line with this idea, Duthoo et al. (2013) demonstrated how dopaminergic medication determined if Parkinson's disease patients adapted to conflict or not. By contrasting Stroop task behavior once on medication, once following overnight withdrawal, Duthoo and colleagues demonstrated how the Gratton effect persisted following overnight withdrawal, but was absent on dopaminergic medication. These results were interpreted in terms of a dopamine overdose hypothesis (Cools & D'Esposito, 2011) . According to this the medication may have overdosed relatively preserved brain regions in Parkinson's disease patients, such as the ventral striatum and prefrontal cortex, thereby impeding adaptations to conflict. Finally, This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Brown, van Steenbergen, Kedar, and Nieuwenhuis (2014) have recently used measures of pupil dilation to systematically investigate the influence of arousal on conflict-induced adaptations. This work provides no evidence for modulatory effects of arousal. While these studies offer some first interesting insights in the possible primary neurotransmitters responsible for conflict control, more studies are needed to unfold the precise neurotransmitter functions essential for adaptations to conflict. As noted in the Method section, the current study differed from earlier visual search studies in that we did not instruct participants to keep their eyes fixated on the center of the screen. As this reflects an important procedural difference, its impact should be taken into account when comparing our results to previous findings in the visual search literature. For example, it is possible that context alternations induced more eye-movements than context repetitions in the current results. Indeed, in Experiment 2, response latencies were enhanced for context alternations relative to context repetitions, which might be related to the oculomotor capture of the eyes to the distractor shape (e.g., Hickey & van Zoest, 2013; Theeuwes, De Vries, & Godijn, 2003) . Unfortunately, we did not collect eye-movement data, and our results thus do not speak directly to this issue. There is clear room for dedicated work investigating the differential impact of context sequence on eye movements and possible consequences of such on the congruency sequence effect.
In conclusion, we demonstrate that reward has an impact on visual context that can determine the scope of cognitive control. We believe that this reflects an underlying role for reward in the control of attentional selection, directly influencing conflict adaptation processes. The type of mechanism identified in these results has a clear evolutionary benefit, guiding cognitive processing in favor of approaches and mechanisms that have garnered good outcome in the past. Reward-and its absence-clearly plays an important role in determining perception, attention, and cognitive control.
